INTRODUCTION
============

In Korea, the incidence rate of ischemic stroke increases annually due to the increase in the aging population and lifestyle westernization.[@B7] Reperfusion therapy is important for the treatment of acute ischemic stroke with intravenous thrombolysis (IVT) and endovascular treatment (EVT) being the main current therapeutic options. If IVT or EVT is not available, bypass surgery could be considered as an alternative reperfusion therapy. Excellent graft patency has been reported after superficial temporal artery-middle cerebral artery (STA-MCA) bypass.[@B6] However, delayed bypass graft occlusion might cause recurrent ischemic stroke after several months or even years after the procedure. We hereby report a rare case of a patient who underwent revision STA-MCA bypass 6 months after initial bypass surgery due to recurrent ischemic stroke caused by bypass graft occlusion.

CASE REPORT
===========

A 46-year-old man presented with mild left hemiparesis (motor grade IV/IV) and mild dysarthria. Diffusion-weighted imaging (DWI) revealed acute ischemic lesions in multiple areas of the right hemisphere ([Fig. 1A](#F1){ref-type="fig"}). Magnetic resonance angiography revealed right MCA and internal carotid artery (ICA) occlusions ([Fig. 1B](#F1){ref-type="fig"}), while perfusion-weighted imaging (PWI) demonstrated considerable defects in the right MCA territory ([Fig. 1C](#F1){ref-type="fig"}). The patient presented with fluctuating symptoms and gradual neurologic worsening for 2 days, despite receiving maximal medical treatment. His left side motor function deteriorated from grade IV to grade III and his aphasia and dysarthria were aggravated. The patient was referred to a neurointerventional team and underwent EVT, which failed because of complete right proximal ICA occlusion. An emergent STA-MCA bypass using a parietal branch of the STA was performed and clopidogrel, at 75 mg/day, was prescribed 1 day after surgery. Postoperative day 7 DWI revealed no interval changes in the acute infarct lesion ([Fig. 1D](#F1){ref-type="fig"}), while PWI demonstrated a markedly improved perfusion status in the right MCA territory ([Fig. 1E](#F1){ref-type="fig"}). Digital subtraction angiography (DSA) on postoperative day 18 showed good bypass graft patency ([Fig. 1F](#F1){ref-type="fig"}). The patient\'s neurological symptoms gradually improved and his motor weakness recovered fully.

Six months later, the patient was admitted to our emergency room due to sudden left hemiparesis (motor grade IV/IV). Magnetic resonance imaging (MRI) revealed acute ischemic lesions in multiple areas of the right hemisphere during DWI ([Fig. 2A](#F2){ref-type="fig"}) and considerable perfusion defects in the right MCA territory on PWI ([Fig. 2B](#F2){ref-type="fig"}). Emergency DSA revealed STA bypass graft occlusion ([Fig. 2C](#F2){ref-type="fig"}) and 88% left cervical ICA stenosis ([Fig. 2D](#F2){ref-type="fig"}). We considered a revision bypass surgery difficult due to postoperative adhesions, and we performed carotid artery stenting (CAS) of the left cervical ICA to increase blood flow via the anterior communicating artery (AcomA) into the right MCA territory. Immediately after CAS, blood flow via AcomA into the right MCA territory increased ([Fig. 2E](#F2){ref-type="fig"}). The patient received a dual loading of aspirin/clopidogrel antiplatelet therapy and induced hypertension therapy. However, one day after CAS, his left side motor weakness deteriorated from grade IV to grade III despite maximal medical treatment, and his follow-up MRI revealed increased cerebral infarction on DWI ([Fig. 2F](#F2){ref-type="fig"}) and large perfusion defects in right MCA territory on PWI ([Fig. 2G](#F2){ref-type="fig"}). To prevent further progression of the ischemic stroke, emergency revision bypass surgery was performed. The initial craniotomy site was reopened, and the STA frontal branch was connected to another M4 segment by end-to-side anastomosis ([Fig. 3A](#F3){ref-type="fig"}). The patient was started on cilostazol 200 mg/day one day after surgery, and aspirin 100 mg/day was added seven days later. Postoperative day 7 PWI demonstrated improved perfusion in the right MCA territory ([Fig. 3B](#F3){ref-type="fig"}), and DWI revealed a slight increase in cerebral infarction on the remnant perfusion defect area ([Fig. 3C](#F3){ref-type="fig"}). After surgery, the patient\'s motor weakness was recovered fully. Follow-up cerebral angiography showed excellent bypass graft patency 3 months after the revision bypass surgery ([Fig. 3D](#F3){ref-type="fig"}). At the 3-year follow-up visit, the patient remained well and continued to take cilostazol and aspirin.

DISCUSSION
==========

In the acute stage of ischemic stroke, IVT and EVT are the main current therapeutic options for reperfusion therapy. Although the EVT recanalization rate has increased, unsuccessful recanalization is still observed in 10--30% cases.[@B1][@B5][@B9][@B12] In such cases, carotid endarterectomy (CEA) and STA-MCA bypass surgery can be considered as alternative reperfusion therapies. CEA is suitable for treating ICA stenosis but not for total ICA occlusion. STA-MCA bypass surgery is not usually performed for acute ischemic stroke in most centers. STA-MCA bypass surgery is generally used as an elective surgery for stroke prevention in chronic cerebrovascular insufficiencies, such as Moyamoya disease and atherosclerotic occlusive disease. Nevertheless, there have been some recent reports supporting the use of STA-MCA bypass as a treatment option in selected patients with acute ischemic stroke.[@B8][@B11] After STA-MCA bypass, graft STA occlusion is known to be rare and Halsey et al.[@B6] reported a high rate of bypass graft patency (approximately 96%). However, delayed bypass graft occlusion might occur and can result in recurrent cerebral infarction. Supplying the broad MCA territory via an STA graft for a long period causes hemodynamic stress on the STA vessel wall, which in turn leads to atherosclerotic changes. In our case, delayed bypass graft occlusion caused a recurrent cerebral infarction six months after initial STA-MCA bypass surgery, and the patient was successfully treated with revision bypass surgery.

Because we considered revision bypass surgery difficult to be performed due to postoperative adhesions, the patient initially underwent CAS of the contralateral left ICA to increase right MCA blood flow through AcomA. However, his symptoms aggravated after CAS and follow-up MRI revealed an increase in cerebral infarction and still large perfusion defects in the right MCA territory. Although, ipsilateral cerebral infarction resulting from embolic events after CAS is common, contralateral cerebral infarction is uncommon and the pathogenic mechanism behind this is unclear. We hypothesize that the right MCA cerebral infarction increase following left ICA CAS resulted from hemodynamic changes in cerebral blood flow. After left ICA stenting, increased blood flow from the left ICA to the left MCA might lead to decreased blood flow to the right cerebral hemisphere. Contralateral cerebral infarction occurring after unilateral carotid angioplasty with stenting has been previously reported, with the authors also suggesting postoperative hemodynamic changes as the cause.[@B10] It should be noted that caution is needed when performing CAS for the increase of blood flow in the contralateral hemisphere via AcomA.

During STA-MCA bypass surgery, neurosurgeons generally use the parietal STA branch and some neurosurgeons tie the frontal STA branch to increase blood flow to the bypass graft. However, Duckworth et al.[@B4] measured and compared STA branch blood flow before and after clipping one of the STA branches, and did not find any significant differences. We suggest that it would be better to preserve the unused STA branch in case of delayed STA graft occlusion. In our case, the STA parietal branch bypass graft was tapered probably due to the delayed occlusion and we used the remnant STA frontal branch that seemed thickened in the preoperative DSA, as compared to the previous DSA six months earlier. We successfully performed a revision bypass surgery using the remnant STA branch, resulting that the patient\'s motor weakness fully recovered again.

Double-barrel bypass is potentially more advantageous, especially for acute cerebral infarction in a large MCA territory, as compared to single-barrel bypass because diffusion-perfusion mismatch indicates a highly unstable state that needs urgent reperfusion therapy.[@B2][@B3] In our experience, single-barrel bypass cannot improve the perfusion of both superior and inferior MCA divisions, and some patients present with cerebral infarction progression following single-barrel bypass surgery. Therefore, we have been recently performing double-barrel bypass in patients with large perfusion MCA territory defects. In this case, we think that the patient might have better outcome without recurrent cerebral infarction if he had initially underwent double-barrel bypass surgery.

CONCLUSION
==========

Delayed graft occlusion following STA-MCA bypass might cause recurrent ischemic stroke. Revision bypass surgery using a STA remnant branch can be considered a feasible therapeutic option for recurrent cerebral infarction caused by delayed bypass graft occlusion.
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![(A) Initial diffusion-weighted imaging (DWI) revealed acute ischemic lesions (arrow) in the right hemisphere. (B) Magnetic resonance angiography revealed a right internal carotid artery occlusion. (C) Perfusion-weighted imaging (PWI) showed large perfusion defects in the right hemisphere. (D) Postoperative day 7 DWI revealed no interval changes in acute ischemic lesions (arrow). (E) Postoperative day 7 PWI demonstrated a markedly improved perfusion status in the right hemisphere. (F) Digital subtraction angiography (DSA) showed good parietal branch patency of the superficial temporal artery.](jcen-20-127-g001){#F1}

![(A) Diffusion-weighted imaging (DWI) showed recurrent acute ischemic lesions (arrows) in the right hemisphere six months after the initial bypass surgery. (B) Perfusion-weighted imaging (PWI) revealed large perfusion defects in the right hemisphere. (C) Digital subtraction angiography (DSA) demonstrated an occlusion of the superficial temporal artery (STA) bypass graft. (D) DSA revealed severe stenosis of the left proximal internal carotid artery (ICA). (E) After carotid artery stenting (CAS) of the left proximal ICA, DSA showed a slight blood flow increase into the right middle cerebral artery via the anterior communicating artery. (F) One day after left ICA CAS, DWI revealed an increase in acute ischemic lesions (arrows) in the right hemisphere. (G) PWI demonstrated a worsened perfusion status in the right hemisphere.](jcen-20-127-g002){#F2}

![(A) Intraoperative photography depicting the occluded bypass graft (arrow) and the STA frontal branch before end-to-side anastomosis to other M4 segments. (B) Postoperative day 7 PWI demonstrated an improved perfusion status in the right MCA territory. (C) Seven days after revision bypass surgery, the follow-up DWI revealed a slight increased ischemic lesions (arrows) in the right hemisphere. (D) Three months later, follow-up DSA, showed good STA frontal branch patency.](jcen-20-127-g003){#F3}
